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Heavy metals have been used by humans for thousands of years. Since ancient times lead was used for pottery 
glazing while mercury was attributed medicinal properties. Awareness of the danger that heavy metals pose for 
environment and human health has been gradual. Soils normally contain almost the full range of heavy metals, originating 
from lithogenic source and from anthropic activity. The first use of the term “heavy metals” in scientific context dates 
back to 1936. In time has been used as broader concept including elements that cannot be classified as metals or even 
metalloids. Most definitions given in the past took into consideration only one criteria at a time in defining “heavy metals” 
and since 1980 many scientists expressed their dissatisfaction for the imprecise delimitation of the concept. Based on a 
three-way criteria a comprehensive definition limits “heavy metals” to a category of elements that concomitantly are: 
natural occurring metals, have atomic number >20 and elemental density >5 g/cm3. Based on this definition 51 elements 
from periodic table can be considered “heavy metals”, excluding some such as: Al, As, Se, Ti. Over 20 heavy metals are 
recognized for the serious health conditions they can induce in humans. Given the increasing pollution in last century, 
policy efforts are directed towards preventing and limiting heavy metals contamination of the environment, drawing 
thresholds and requiring remediation. 
 




1. Defining heavy metals 
 
The concept of “heavy metals” has been used 
to designate certain elements that can have damaging 
and adverse effects on living systems over a certain 
threshold [1, 6]. For start, metals are elements with 
electric conductivity, luster, and malleability that lose 
electrons to form cations. But heavy metals are not 
synonymous with toxic metals as many people from 
the general public might tend to think [3, 7]. Under 
the concept of “heavy metals” have been often 
included elements that are not metals, such as As - a 
metalloid and Se - a non-metal [1]. 
 




So, the term “heavy metals” has been used 
often to describe a certain category of pollutants in 
environmental science and ecotoxicology, and 
became in time a broader concept until it has been 
generally adopted as such by the wide public [6]. 
Examining the beginnings of this term, one can 
notice that first use of “heavy metals” in a scientific 
context dates back to 1936 in the work “Inorganic 
chemistry” translated from Danish into English by 
Bell and Bjerrum [4].  
Many authors since 1980 until today have 
expressed their dissatisfaction for diversity of 
definitions from literature and broad use of the term, 
expressing the need for a harmonized scientific 
agreement and calling for either the replacement of 
the term or the narrowing of the concept [1, 4, 5, 6].  
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There is no universal consensus in defining 
criteria for heavy metals. The first definition given by 
Bjerrum designates “heavy metals” as those elements 
with density above 7 g/cm3. Subsequently, the 
threshold proposed by later authors and sources 
varied and was defined as a low as 3.5 g/cm3 [4]. 
However, some authors underline that metals below 
5 g/cm3 do not have heavy metal chemistry [5]. Other 
definitions refer to atomic weight (greater than 23 or 
40), to atomic number (greater than 20) or chemical 
properties related to toxicity [4].  
Duffs [4] identified the following criteria 
used for defining “heavy metals” by various authors:  
- density (specific gravity) 
- atomic weight (relative atomic mass) 
- atomic number  
- chemical properties  
- toxicity (includes some that are not dense or 
not entirely metallic)  
- periodic table (based on valence and thus on 
chemical reactivity) 
- Lewis acid behavior.  
These criteria were not considered 
simultaneous conditions by the most authors but used 
as independent criteria.  
More recent authors, express in favor of 
continuing to use the term, but propose a 
comprehensive definition that limits “heavy metals” 
to a category that has to meet concomitantly a few 
criteria: natural occurring metal, atomic number >20 
and elemental density >5 g/cm3 [1].  
Based on this definition, “heavy metals” 
include 51 elements from periodic table (Table 1), 
while those that meet only one or two of these are not 
“heavy metals” and these are: Ba, Ra, Sc, Ti, Y, Al, 
As, Se [1].   
 
Table 1. Elements that can be considered “heavy metals” based on the 3-criteria model [1]  
No. of 
elements 
Periodic table Elements 
Block Category  




1st transition series V, Cr, Mn, Fe, Co, Ni, Cu, Zn 
2nd transition series Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd 
3rd transition series  Hf, Ta, W, Re, Os, Ir, Pt, Au, Hg 
19 
f-block  
rare earth elements 
Lanthanides La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, Lu 
Actinides Ac, Th, Pa, U, Pu 
 
2. Heavy metals contamination sources 
 
Heavy metals have been used by humans since 
ancient times. Lead (Pb) has been used for more than 
5000 years for pottery glazing. Ancient Romans used 
lead acetate as wine sweetener and mercury to 
alleviate tooth ache [8]. Soils normally contain 
almost the full range of heavy metals, originating 
firstly from lithogenic source (parent materials) and 
secondly from anthropogenic activity. But the 
concentration of heavy metals can vary substantially. 
Particularly in urban environments, the soils have 
higher levels of Pb, Zn, Cd and Cu [2]. In the last 
century the heavy metals have become a concern and 
are recognized as hazardous contaminants, yet are 
still used: mercury in gold mining, arsenic in wood 
preservatives, tetraethyl lead as additive to petrol 
[8].Sources of contamination with heavy metals are:  
a) natural occurring-events: soil erosion, 
natural weathering of the crust 
b) anthropic discharge of elements in the 
environment causing soil and water 
contamination: mining, industrial 
effluents (tannery, smelting ores, battery 
industry, metal plating), cement 
industry, agriculture (fertilizers and 
pesticides), urban runoff, sewage 
discharge and sewage sludge applied in 
agriculture 
c) through atmospheric pathway: factory 
chimneys, automobile exhaust, burning 
coal, incineration of waste   
d) daily used products potentially 
hazardous: additives, paints and 
contaminated water, food and non-food 
products [7, 12].  
It has been asserted that toxicity effects of 
heavy metals for living systems are dose dependent 
[3]. Some metals such as Pb, Hg and Cd do not play 
a biological function in humans [7, 12], while others 
play a role as co-enzymes among others, but are 
needed only in very small quantity: Co, Cu, Fe, Mn, 
Mo, Ni and Zn [3, 12]. Other elements have function 
only in certain organisms such as arsenic found in 
herring caviar, tungsten playing a role in the 
metabolism of prokaryotes, or cadmium in certain 
microalgae [9].  
 
3. Threats and solutions 
 
Awareness of the danger heavy metals pose for 
environment and human health has been gradual. In 
centuries past in Europe specific symptomatology of 
mercury poisoning in people gave rise to the 
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nickname “mad hatter” [14]. But only relatively late 
was understood the multitude of diseases and 
dysfunctions heavy metal contamination really can 
bring [11].   
Globe Monitoring Program adopted by UN in 
1973 mentioned only three heavy metal elements: Pb, 
Cd, Hg. Later on, the list of most hazardous elements 
was completed with seven other metals (Cu, Sn, V, 
Cr, Mo, Co and Ni) as well as few metalloids (Sb, As, 
Se) [16]. Today, no less than 35 metals have been 
recognized as representing potential concern for 
human health, out of which 23 are classified as heavy 
metals: antimony, arsenic, bismuth, cadmium, 
cerium, chromium, cobalt, copper, gallium, gold, 
iron, lead, manganese, mercury, nickel, platinum, 
silver, tellurium, thallium, tin, uranium, vanadium 
and zinc [7]. Because heavy metals accumulate in the 
food chain, the impeding health threat is serious [14]. 
The route of heavy metal poisoning in humans is 
ingestion, inhalation and absorption through skin 
[11]. In humans, Cd poisoning can lead to kidney 
failure and severe anemia, Pb causes memory loss, 
coordination and cardiovascular problems, Ni 
inhalation can lead to throat and lung cancer, Cu 
causes brain damage [12].  
The problem of heavy metals can be tackled in 
two ways:  
1) through policies and regulations (binding 
instruments and preventive measures)  
2) through decontamination-remediation and 
restoration of the polluted environments 
(policy compliance, voluntary actions and 
various initiatives) [10, 13].  
Removal of heavy metals from the 
environment can be achieved in two ways:  
1) through invasive methods that involve costly 
processes and treatments  
2) phytoremediation that relies on plants to 
mitigate in time the pollutants from the 
environment [15].  
The greatest advantage of the second method is 
the possibility to upcycle the resulting biomass, while 





The environment normally contains almost the 
full range of heavy metals originating from lithogenic 
and anthropogenic source. Heavy metals have been 
used by humans since ancient times and awareness of 
the danger these pose for environment and human 
health has been gradual.  
Based on a three criteria “heavy metals” are a 
category of 51 elements from periodic table that 
concomitantly are: natural occurring metals, have 
atomic number >20 and elemental density >5 g/cm3.  
During last century, pollution has been on the 
rise worldwide and policy efforts are directed 
towards preventing, limiting and remediating the 
contamination with heavy metals.  
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